Background: Over the last two decades, improvements in medical care have been associated with a significant increase and better outcome of very preterm (VP, < 32 completed gestational weeks) and very low birth weight (VLBW, < 1500 g) infants. Only a few publications analyse changes of their short-term outcome in a geographically defined area over more than 10 years. We therefore aimed to investigate the net change of VP-and VLBW infants leaving the hospital without major complications. Methods: Our population-based observational cohort study used the Minimal Neonatal Data Set, a database maintained by the Swiss Society of Neonatology including information of all VP-and VLBW infants. Perinatal characteristics, mortality and morbidity rates and the survival free of major complications were analysed and their temporal trends evaluated. a total number of 3090 infants were enrolled in the Network Database. At the same time the rate of VP-and VLBW neonates increased significantly from 0.87% in 1996 to 1.10% in 2008 (p < 0.001). The overall mortality remained stable by 13%, but the survival free of major complications increased from 66.9% to 71.7% (p < 0.01). The percentage of infants getting a full course of antenatal corticosteroids increased from 67.7% in 1996 to 91.4% in 2008 (p < 0.001). Surfactant was given more frequently (24.8% in 1996 compared to 40.1% in 2008, p < 0.001) and the frequency of mechanical ventilation remained stable by about 43%. However, the use of CPAP therapy increased considerably from 43% to 73.2% (p < 0.001). Some of the typical neonatal pathologies like bronchopulmonary dysplasia, necrotising enterocolitis and intraventricular haemorrhage decreased significantly (p ≤ 0.02) whereas others like patent ductus arteriosus and respiratory distress syndrome increased (p < 0.001).
Background
Very preterm birth is a major cause of mortality and morbidity for newborns and imposes a considerable burden on limited health care resources. Over the last two decades, changes in perinatal management have been associated with a significant increase and better outcome of these infants [1, 2] . However, the majority of these reports are based on single centres or neonatal networks not representing the whole population. In addition data may be biased by different criteria for referral, admission or treatment [3] . Only a few publications analyse the short-term outcome of these infants on a nationwide basis over more than ten years. On these grounds, the Swiss data from 1996, 2000, 2004 , and 2008 were analysed, focussing on temporal trends in mortality, morbidity and treatment for VP-and VLBW infants. Special importance was attached to the short-term survival free of major complications. Beyond that, temporal changes in the length of hospital stay as a substitute for the resources needed were followed. These results were finally compared with studies in other countries. Referring to previous population-based studies, we hypothesised that improvement in obstetric and perinatal management led to a decrease in mortality resulting in more survivors with disability.
Methods
The Swiss Neonatal Network & Follow-Up Group, a nonprofit voluntary collaboration of health care professionals was founded by the Swiss society of Neonatology in 1995 with the goal to improve the quality of neonatal care. Today, the Network comprises all nine Neonatal Intensive Care Units (NICUs), most of the smaller Neonatal Units (NUs) and most Neuropediatric Centres caring for VP and VLBW infants in Switzerland under the auspices of the Swiss Society of Neonatology. The Network maintains a Minimal Neonatal Data Set (MNDS) collecting anonymous information about the demographics and outcome of all liveborn infants between 400 and 1500 g birth weight and/or between 23 0/7 and 31 6/7 gestational weeks, born at or transferred to a participating hospital. Data were collected on all infants until death or discharge home. Mortality rates were calculated for all infants born alive. Morbidity rates and treatments however were based only on those infants admitted to a NICU, and encompass the following diagnoses: intraventricular haemorrhage (IVH), based on the most severe ultrasound result during the hospital stay using the classifications defined by Papile et al. [4] ; cystic periventricular leucomalacia (PVL) defined by de Vries et al. [5] ; retinopathy of prematurity (ROP) using the international classification published by the committee for the classification of ROP [6] ; bronchopulmonary dysplasia (BPD) defined as an oxygen requirement at 36 weeks gestational age (GA) according to the NICHD consensus conference paper [7] ; necrotising enterocolitis (NEC) defined as clinical signs (abdominal distension, bilious aspirates and/or bloody stools) confirmed by radiographically visible intramural gas or at laparotomy (Bell stage 2 and 3) [8] ; patent ductus arteriosus (PDA) which was symptomatic and required indomethacin or surgery; sepsis with clear clinical, radiological, or histological evidence of infection as well as at least one microbiologically relevant positive blood culture. A survival free of major complications was determined as survival without grade 3 and 4 IVH, cystic PVL, ROP stage 3 or 4 or BPD. The years 1996 The years , 2000 The years , 2004 The years and 2008 were chosen because the Swiss Neonatal Network and Follow-up Group made a special effort to ensure that data of these years were complete and correct. To assess the completeness of our data, the number of infants having been enrolled since 1996 were compared to the birth registry of the Swiss Federal Statistical Office [9] . Data were collected for 89% of all VLBW infants in 1996, 90% in 2000, 97% in 2004 and 90% in 2008.
Statistical analysis
A two-sided paired Student's t-test was performed to compare mean values of two independent, normally distributed variables. To determine temporal changes in the distribution of a variable, the Pearson's Chi-square test was used. Probability levels below 0.05 were considered significant. To determine a temporal trend we used linear regression models with the coefficient β indicating the slope of a linear regression line. All statistical analyses were carried out with R release 2.13.0.
Results

Demographics
According to the Swiss National Registry, there were 83'007 liveborn babies in 1996, 78'458 in 2000, 73'082 in 2004, and 76'691 in 2008. Concurrently the rates of VLBW infants in Switzerland increased significantly from 0.76% to 0.97% (p 96-08 < 0.001, β = 0.06%). 3090 infants with less than 32 completed gestational weeks and/or with a birth weight less than 1500 g were included for further analysis. For the demographic details of the study population and their changes over the years see Table 1 .
Mortality
Neonatal mortality rate 412 (13.3%) infants died during the study period, 96 (3.1%) of which in the delivery room. We observed 292 (9.4%) early neonatal (perinatal) deaths, defined as a death of a live born child within the first 7 days of life. A late neonatal death, occurring after 7 but before 28 completed days was found in 81 (2.6%) cases. The sum of early and late neonatal deaths amounted to an average of 12.1%. The rates for early-, late-, and neonatal deaths did not change significantly during the 12 years of observation.
Survival analysis
The survival rate was 86.8% in 1996, 84.1% in 2000, 86.7% in 2004, 88.2% in 2008, and on average 86.5%. The increase from 1996 to 2008 was not significant (p 96-08 = 0.22, β = 0.70%) even though the Kaplan-Meier analysis ( Figure 1 ) showed an overall better survival in 2008 resulting from considerably higher survival rates during the first 48 days of life. The mean duration till death amounted to 13.4 days in 1996, 12.7 days in 2000, 7.0 days in 2004 and 7.5 days in 2008. During the whole study period only a trend towards a lower mean duration till death was found (p 96-08 = 0.09, β = -2.3 days).
Gestational age
When stratifying the study population according to the GA we could observe significant lower mortality rates in 2008 for the two youngest GA groups (< 26 weeks of p0.5 = 50th percentile = median, p0.05 = 5th percentile, p0.95 = 95th percentile, 1 infants born < 32 weeks of gestation, 2 infants born ≥32 weeks of gestation with a birth weight < 1500 g, 3 birth weight < 10th percentile, 4 born in one of the nine perinatal centres, 5 cephalic forceps and cephalic ventouse deliveries were not listed separately gestation: p 96-08 = 0.02, and 26-27 weeks of gestation: p 96-08 = 0.04). For the two older GA groups the difference between 1996 and 2008 was not statistically significant (p-values > 0.05). Infants with < 26 completed gestational weeks had a seven times higher relative risk (RR) to die than those who were at least 26 completed gestational weeks old (RR = 6.8). A detailed analysis of survival regarding gender, mode of delivery, location of birth, number of infants, GA and birth weight is given in Table 2 .
Morbidity
The incidence of typical neonatal morbidities and their temporal trends are given in Table 3 . This table also analyses these morbidities in combination with other variables, such as gender, birth weight, GA, location of birth, and mode of delivery.
Neonatal outcome
The overall survival free of major complications was 68.6%. 66.9% in 1996, 68.0% in 2000, 67.5% in 2004 and 71.7% in 2008, reflecting a significant improvement in the short-term outcome over time (p 96-08 < 0.01, β = 1.4%). The age-stratified survival free of major complication is evident from Figure 2 .
Length of stay
The mean length of stay (LOS) was based upon the survivors only and amounted to 59.7 days in 1996, 58.5 days in 2000, 55.0 days in 2004 and 60.1 days in 2008. For the overall study period, an average in-hospital stay of 58.4 days was calculated (p 96-00 = 0.81, p 00-04 = 0.17, p 04-08 < 0.01, p 96-08 = 0.81, β = -0.2 days). The GA was inversely correlated with the LOS and reached up to 108 days for infants < 26 weeks i.e. 21, 42 and 63 days longer than for infants born between 26-27, 28-29 and 30-31 completed gestational weeks respectively. Between 1996 and 2008 we found a significant increase in the LOS for infants born < 26 gestational weeks (p 96-08 = 0.01, β = 4.3 days) as well as a significant decrease for infants born between 26-27 gestational weeks (p 96-08 = 0.04, β = -2.9 days). The age stratified LOS are shown in Figure 3 . Male infants and singletons were significantly longer hospitalised than females and multiples (59.6 vs. 57.1 days, p = 0.047 and 60.2 vs. 54.4 days, p < 0.001). Over the twelve years of observation, there were no significant changes in the LOS regarding gender, number of infants, mode of delivery, and location of birth (all p 96-08 > 0.05).
Therapies
Information about administration of antenatal steroids, surfactant treatment and oxygen therapy are presented in Table 4 .
CPAP treatment
Continuous positive airway pressure (CPAP) was given to 63.6% of the included infants namely 43.0% in 1996, respectively. All GA groups showed a significant shift towards a more frequent use of CPAP therapy (all p 96-08 < 0.001, β < 26 GA = 13.0%, β 26-27 GA = 8.4%, β 28-29 GA = 11.5%, β 30-31GA = 12.4%). This change could most impressively be documented in the age group of infants born between 30-31 gestational weeks. With 36.2% in 1996 and 71.2% in 2008 the incidence of CPAP therapy nearly doubled. There was no difference in the use of CPAP regarding gender (females vs. males, p = 0.78), number of infants (singletons vs. multiples, p = 0.70), mode of delivery (spontaneous vs. caesarean section, p = 0.60) and location of birth (inborn vs. outborn, p = 0.38), but again, the same significant increase of CPAP treatment was found when analysing all four variables separately over time. The overall mean duration of CPAP administration was 9.7 days taking into account the surviving infants only. The respective figures were 3.9 days in 1996, 8.2 days in 2000, 12.8 days in 2004 and 13.8 days in 2008, which is equal to a 3.4 days' increase every four years (p 96-00 < 0.001, p 00-04 < 0.001, p 04-08 = 0.36, p 96-08 < 0.001). The cumulative percentage of survivors per year treated with CPAP can be seen in Figure 4 .
Mechanical ventilation
The frequency of infants who were mechanically ventilated was 45.0% in 1996, 39.6% in 2000, 41.8% in 2004 and 45.6% in 2008, which corresponded to an average rate of 43.0%. Altogether we found significant changes between 1996 and 2000 and between 2004 and 2008 (p 96-00 < 0.01, p 00-04 = 0.23, p 04-08 = 0.03, p 96-08 = 0.74). Mechanical ventilation was inversely correlated with GA: 84.2% of the infants with < 26 completed gestational weeks, 71.2% of those with 26-27 weeks, 51.4% of those with 28-29 weeks and 28.0% of those with 30-31 weeks were ventilated. We found only one significant difference towards a less frequent use of mechanical ventilation regarding infants born < 26 completed gestational weeks (p 96-08 = 0.045). However there was no difference concerning mechanical ventilation regarding gender (females vs. males, p = 0.50), number of infants (singletons vs. multiples, p = 0.29), mode of delivery (spontaneous vs. caesarean section, p = 0.81), and location of birth (inborn vs. outborn, p = 0.30). The overall mean duration of mechanical ventilation was 3.6 days when taking into account the surviving infants only. 
Discussion
Our study shows a considerable net gain in VP-and VLBW infants discharged home without major complications in a stable population over 12 years. This added value is composed of three factors: 1) Increase of the absolute (122) and relative (16.9%) number of VP-and VLBW infants, stable overall mortality rate and higher rate of survivors without major complications (absolute increase 122, relative 25.3%). This finding was not expected and differs in various aspects from previously published results. We will discuss methodological issues and compare the results with those of other studies for the four main topics, population characteristics, mortality, in-hospital morbidity and therapies. Comparison of such global population based trends must be considered with caution as inclusion criteria, definitions of referral, morbidities, treatments, and discharge policies may vary.
Obstetrics/delivery/birth characteristics
Obstetric management changed with respect to the percentage of mothers who were treated with antenatal corticosteroids as well as with respect to the mode of delivery. This trend probably reflects the improved chance of survival these infants now have, justifying the greater risk to which the mother is exposed to when undergoing surgery compared to natural childbirth. The number of outborn infants decreased significantly, reflecting an on-going trend to centralise high-risk pregnancies in perinatal centres. As a matter of fact, this corresponds to findings of different studies showing that infants who were born in NICUs had lower mortality rates than infants who were transported extrauterinely [10, 11] . As expected, the increasing rates of VP-and VLBW infants in our study population correlated with the mean GA but surprisingly not with the mean birth weight. However the surviving infants were both younger and lighter in 2008 than in 1996. The factors underlying these findings are thought to be improvements in obstetric care and a rise in obstetric interventions during pregnancy [12] . With 18.6%, our percentage of small for gestational age infants was much lower compared to those of other studies. Zeitlin et al. for example reported rates between 32.9 and 35.5% based on the EPIPAGE and MOSAIC cohort including VP infants between 1997 and 2003 [13] . This difference was inexplicable as our study population consisted not only of VP-but also of VLBW infants resulting in more infants with birth weights under the 10 th percentile.
Mortality
The overall mortality rate of our study population remained stable over time on an average of 13.3%. Excluding the VLBW infants, a mortality rate of 15.0% was found. Both rates are similar to those reported by other European studies [13] [14] [15] . When focussing on our group of infants with < 26 and with 26-27 weeks of GA the mortality rate decreased significantly over time as shown in Table 2 . This decline might predominantly be attributable to significant increases of both the administration of antenatal steroids as well as the use of surfactant treatment, resulting in a better survival of the youngest infants. These results were additionally influenced by the publication of the Swiss guidelines on the care of infants born at the limit of viability in 2002, which were likewise followed by a significantly improved survival of extremely preterm infants [16] .
Horbar and the members of the Vermont Oxford network discussed potential explanations for the levelling off in the overall mortality during the last two decades [17] : They hypothesised that firstly an inappropriate use of some interventions, such as either an overuse of interventions for infants unlikely to benefit from them, an underuse of potentially beneficial interventions, or a misuse of interventions by inexperienced or unskilled personnel may have resulted in adverse events and secondly, that health professionals as well as families have become more cautious in extending and continuing intensive care treatments for extremely preterm infants. The third argument of the authors, namely having reached the limits of current technology to support preterm infants at gestational ages near the limits of viability, might not be applicable to Switzerland, as recent data show better survival of these infants [18, 19] . Extending this study by children born in 2012, as we plan to do, may confirm this finding.
Morbidity
Regarding the results of other studies examining the relation between antenatal steroids and respiratory distress syndrome (RDS) [20] , we expected to find a decrease in the incidence of RDS, which however, increased significantly by 8% to 84.6%. Ersch et al. demonstrated similar findings in their survey of a geographically limited neonatal population [21] . They found that the incidence of RDS in infants admitted to neonatal units doubled over the last 30 years, which was ascribed to the corresponding increase in the rate of caesarean section. We suggest that in our cohort, the above-mentioned constant mortality rate given, the severity of RDS must have been reduced by the increasing antenatal treatment with corticosteroids. The rising survival of the most immature infants and the infants with RDS did not result in an increased number of infants with BPD, which was unexpected and quite contrary to other reports, where an increased survival resulted in more morbidity, mainly BPD [22] [23] [24] .
In spite of better detection techniques and more ultrasound examinations being routinely made nowadays, the incidence of serious IVH decreased and the rate of cystic PVL remained stable. Again, there might be a positive influence of antenatal corticosteroids on the incidence of IVH and PVL as was shown in the previously mentioned metaanalysis by Crowley [20] . The diagnosis of a patent arterial duct (PDA) was made more frequently over time. This is most likely due to an intensified diagnostic workup, especially by systematic echocardiographs in VP-and VLBW infants. The incidence of necrotising enterocolitis (NEC) decreased significantly to 1.7% mainly due to the preventive administration of probiotics in Switzerland since 2006 [25] . The survival free of major complications which represents besides mortality the most crucial variable defining neonatal outcome, significantly increased. This finding is remarkable as it was neither adversely affected by an increasing number of VP infants nor by better survival rates of the youngest GA groups. Zeitlin et al. investigated the short-term outcome of live births before 32 weeks of gestation in 10 European regions and found large differences in neurologic and respiratory morbidity despite similar standards of living and healthcare provision [26] . They reported rates between 71.2 and 89.7% for a survival without IVH/PVL or BPD raising questions about variability in treatment decisions and population characteristics. Fanaroff et al. defined a survival without major neonatal morbidity as survival without IVH, NEC, and BPD and found a stable rate of 70% between 1995 and 2002 regarding VLBW infants only [23] . Despite stricter criteria including the absence of IVH, cystic PVL, BPD, and ROP, our results are similar to those of other European and American groups.
Therapies
The increasing antenatal application of corticosteroids as well as the wide use of rescue surfactant therapy led to a change in respiratory support strategy towards early use of nasal CPAP starting in the delivery room and reducing thereby the need for intubation in preterm babies [27, 28] . In our study the increased use of antenatal corticosteroids was not associated with a decreased use of surfactant. That was unexpected and could most likely be explained by additional indications for surfactant administration, namely early administration in the delivery room based on risk not on severity of RDS.
We additionally documented an impressive 70% increase in the use of CPAP as well as a far longer duration of CPAP therapy by approximately 10 days between 1996 and 2008. Despite this, the use of mechanical ventilation did not change in terms of period and number of ventilated infants. Taken together, we think that the increasing rates of antenatal corticosteroid-and postnatal surfactant administration, the decreasing use of supplemental oxygen as well as lung-protective ventilation strategies are among the most important factors to explain our lower BPD rate in 2008. This rate of 14.7% is similar to those reported in the two population-based cohort studies EPIPAGE in 1997 (14.4 .%) and MOSAIC in 2003 (15.3%) [13] . Strengths and limitations of the study Strengths of our study are 1) Prospective definition of inclusion criteria and specific morbidities remaining unchanged over the whole observation period.
2) The recruitment of subjects based on a homogenous, geographically defined population. 3) An observation period of 12-years, 4) a special effort to enhance data quality by on-site visits and matching with the official population statistics, and 5) presenting temporal trends not only of mortality and morbidity but also of therapies used in a large sample of VP-and VLBW infants. Our study is limited by the lack of information about the long-term outcome of our infants. However, there is an association between major complications and neurodevelopmental outcome. This data is currently being collected and will be reported later.
Conclusions
Over the 12-year observation period, the number of VPand VLBW infants increased significantly. An unchanged overall mortality rate and an increase of survivors free of major complication resulted in a considerable net gain in infants with potentially good outcome. This improved short-term outcome was associated with a shorter hospital stay and therefore less cost. Follow-up of this cohort will show whether this benefit will persist.
